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Abstract 
Racket game variants like Frescobol, Matkot, etc. are quite popular in many countries with beaches all over the world. In Greece 
the name of this newly born sport is Beach-Racket and it was recognized as an official sport in 2014. Key steps in its evolution 
were the introduction of a high-tech score measuring system, mobiXeyes, developed by Mobics S.A., a spin-off company of 
University of Athens. In this work we describe the basic rules of Beach-Racket and the technology adopted for fulfilling the 
requirements imposed by the sport. The system is based on two high frame rate cameras and implements a stereoscopic method 
to calculate the speed of a ball in every hit. Apart from this, it offers a GUI interface for setup, player and category management, 
calculation of statistics etc. The system in general can calculate the 3D position and the speed of a fast moving object and could 
be used also in a wide range of relevant sports with none or minor modifications. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the School of Aerospace, Mechanical and Manufacturing Engineering, RMIT University. 
Keywords: real time stereo vision; image processing; ball speed; Beach-Racket 
1. Introduction 
Racket game variants are quite popular in many countries with beaches all over the world (Frescobol in Brazil, 
Matkot in Israel, Paleta Playa in Peru, etc.). In Greece in 2006 the first visionary clubs of winter swimmers, started 
formalizing this hobby by designing rules of game, organizing tournaments and founding special-purposed clubs 
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and a Pan-Hellenic association (ESAX, 2015). The name of this newly born sport is Beach-Racket [1] and it was 
recognized as an official sport in Greece in 2014.  
Key steps in its evolution were the introduction of a high-tech score measuring system (mobiXeyes), developed 
by Mobics S.A., a spin-off company of University of Athens and four successful tournaments with participants from 
all over Greece. mobiXeyes is based on two high frame rate cameras and implements machine vision algorithms to 
calculate the velocity of a ball. Its basic principle is the stereoscopic vision which enables the accurate determination 
of the 3D position of an object in space and subsequently its velocity, in case of motion. The system has a graphical 
user interface (GUI) interface for configuration setup, player and category management, calculation of statistics, 
results printing, etc. Through this GUI the parameterization of the system is possible according to the rules of the 
Beach-Racket. mobiXeyes, in general, can calculate the 3D position and the speed of a fast moving object and could 
be used also with none or minor modifications in a wide range of relevant sports as a training system (e.g., other 
beach sports with rackets, put shot, javelin).  
In the following paragraphs we describe the basic concepts of Beach-Racket sport, the special requirements for 
the scoring system and alternative technology solutions for speed estimation that were considered prior to the 
development of the system. Furthermore, we describe the architecture of mobiXeyes and the tests conducted for 
validating its accuracy.    
2. Beach-Racket 
2.1. Sport description and basic rules 
Beach-Racket, is usually played on sand courts near the beach, with safety nets surrounding the court. The court 
has a length of 11m and a width of 6m. The court is divided in half by a wide strip (1.8m width) where ball speed is 
measured by the computer system developed. The basic equipment includes wooden rackets and tennis balls. The 
game is played by two players (one towards another) or four (two towards two). In both cases (doublet and quartet 
teams) players are not rivals, but all play for the team, in contrast to most of the other tennis-like sports. See Fig. 1.  
         (a)               (b) 
                   
Fig. 1. (a) overall court setup; (b) snapshot from real game. 
Teams compete through collecting positive points and avoiding negative points in a specific time (e.g. 10 
minutes). Positive points are gained when the speed of a ball hit is higher than a predefined base speed (e.g. 65 
km/h). Ball speed is automatically calculated by the mobiXeyes system, without human intervention. A dark 
background (4.0x1.8 m) is used for eliminating visual noise from the monitored scene and is placed opposite the 
system. Negative points are indicated by a referee with the aid of a trigger button when there is a ball drop or when a 
player hits the ball while being outside the court. Therefore, the longer the ball remains on air (within the court) with 
strong hits and good defense, the more points are earned by the team and the more exciting and spectacular the game 
is. Two referees watch and enforce game rules. From the very beginning, the key issue in the game rules was how to 
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translate the game intensity and player’s strength to positive points. What soon became a rational choice was to use 
the following formula to quantify the (positive) points P of a ball hit:  
 
             
      if Vball ≥ Vbase      
                     (1) 
      if Vball < Vbase  
                     
This formula represents the energy spent by the player in order to hit the ball, since the energy is analogous to the 
square of the speed of the ball. The positive points are accumulated during the game and are combined with negative 
points to form the final score S of the team.  
         
                     (2) 
  
where Pi  represent the positive points gained from strong hits above base speed and Nj the negative points of the 
team due to penalties during the whole game duration. 
Finally, we should note that there are categories of teams in every tournament (mens’ quartets, mixed doublets, 
etc.) with slightly different scoring parameters for each category (e.g., lower base speed for women and children). 
2.2. Requirements and technology solutions 
 Apparently, a method for accurately measuring ball speed was required. Other requirements imposed by the sport 
are quite challenging, partially due to the nature of the game; it is primarily a beach sport. The main requirements 
were the following: 
 
x The sport should be played outdoors, mainly on sand courts, but also indoors. It should be tolerant to various 
environmental conditions. 
x The score should be measured in an objective way, without human intervention, as much as possible. 
x The system should not favor any player or team (e.g., depending on the players’ positions inside the court or the 
direction angle between the ball’s trajectory and the measuring system). 
x No external interferences (intended or not) that could cause false score calculations or game interruptions should 
be possible during a game. 
x The score measuring system should not be invasive and create dependencies to game equipment. 
x The system should be capable for using it with all ages (children and adults) thus calculating ball speeds that are 
very low <30 km/h or very high >120 km/h) 
 
The main technical solutions for measuring the speed of a moving object are i) radar/lidar technology, ii) 
accelerometers attached to the object and iii) machine vision techniques. Each of them has its advantages and its 
limitations.  
Doppler radars are used extensively in measuring the speed of an object. In sports, their application is mainly for 
statistic reasons and do not have a direct effect on the game score (e.g. tennis, baseball, cricket). However, the use of 
radars in these sports for training is very common. In our case the speed measuring system determines the final score 
thus the radar is unsuitable due to its limitations. Such limitations that are in contrast with the above sport 
requirements include:  
 
x jamming or alteration of measurements from a distance with easy-made devices or even with a similar radar 
x problems in indoor spaces due to signal reflections 
x cosine error effect. This is the most common indigenous problem of radar technology. In the case that the object 
is moving in a direction with an angle to radar beam axis, the speed measurements will contain errors [2]. In the 
case of Beach-Racket, and due to the position of the players that can freely move inside the court, this error may 
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reach up to 8%  underestimation on speed measurements and the worst is that it is not predictable and it may 
favor in different ways players in each side of the court. 
x noise from external factors. Within the radar operating angles (e.g. 25o) there should be no moving objects at 
speeds similar to that of the ball.  
x imposition of potentially unnecessary lower limit to base speed. In order to avoid the radar measurements not 
attributable to the ball (e.g. shake hands or racket, running, abrupt player or vehicle movements) this limit should 
probably be higher. More specifically, since the Beach-Racket applies to all ages there should be versions for 
children. Depending on their age, they cannot be easily overcome some speeds (e.g. 25 or 30 km/h). But if the 
radar is set to such a low level for the base speed, will record movement of other objects, too. 
 
Accelerometers are widely used in sports for measuring forces, accelerations, etc. and are installed on the athletes' 
body or in her/his equipment [3,4]. The velocity is obtained from acceleration measurements by integration over 
time. In our case accelerometers are not an acceptable solution due to the following reasons: 
 
x consist invasive technology that creates dependencies to game equipment. 
x lead to high cost of the ball that usually will endure for a limited number of games due to the strong hits.  
x require a complex wireless infrastructure solution for detecting the emissions of the sensor node inside or on the 
ball. The solution will be of high cost and poses the risk of non real-time operation. 
 
Recently, computer vision is used in various sports offering improvement of the athletes’ preparation and training 
process, automatic analysis and interpretation, improvement/help in the decisions of referees [5]. It is already widely 
accepted as one of the best-suited technical means for officiating and statistics depending, of course, on the nature of 
the sport. In our case, the adopted solution should be reliable and accurate for scoring and team ranking. All sensing 
solutions were considered, from radars to accelerometers, but only the camera-based solution satisfies all the 
aforementioned sport requirements. In the next section we describe mobiXeyes, the proposed machine vision system 
for speed estimation. 
3.  mobiXeyes  system 
3.1. Architecture 
The overall system consists of the optical sensor detection subsystem and the score management subsystem. The 
first concerns the speed estimation and the second the application logic, i.e. the score estimation formulas, penalty 
points, player and category management, etc. The system is built with two high-frame rate, synchronized cameras 
(capable for a frame rate up to 200fps) that are placed in the middle of the court length and capture the ball as it 
passes in front of them (Fig. 2a). It is placed in vertical position; the upper camera is called M (master) and the lower 
camera S (slave). The system has a baseline of 1.2 m (distance between cameras) and it comes in a compact 
dustproof aluminum enclosure that has various mounting capabilities (wall, pole and tripod). It connects to the 
processing machine through an Ethernet cable. See Fig. 2b.                 
(a)       (b)      
Fig. 2. (a) ball detection in front of dark background; (b) mobiXeyes system. 
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The identification and isolation of the ball in each frame received from the two cameras is achieved with the help 
of machine vision algorithm namely background subtraction. This method is a common and widely used technique 
for producing foreground mask, i.e, a binary image containing the pixels belonging to the moving objects (blobs) in 
the frames captured by the two cameras.  
3.2. System calibration and speed calculation 
The calibration of the stereo vision system is the process that allows finding the position (X, Y, Z coordinates in 
cm, m, etc.) of an object in space by its coordinates xM, yM and xS, yS (in pixels) from the images of the cameras M 
(master) and S (slave) respectively after the background subtraction process. The calibration requires the use of 
intrinsic and extrinsic parameters of the device. By the term intrinsic parameters we denote the set of numerical 
parameters which characterize the cameras due to characteristics and defects of their manufacturing. These 
parameters include the principal point, the focal length and the deformation of the lens. The correction of these 
deformities is called undistortion. By extrinsic parameters we mean the set of numerical parameters characterizing 
the displacement and rotation of the device to the scene points and the distance and rotation between the cameras 
(image rectification). 
 
 (a)                      (b)  
Fig. 3. (a) calibration with chessboard; (b) result of undistorted and rectified images. 
A typical procedure for the calibration of the device is the use of a pattern of coplanar geometries of known shape 
and size. One such pattern is the chessboard (Fig. 3a). Several images of the board from both cameras are needed to 
in order to properly calibrate the system. Using well know algorithms from the literature [6] we are able to calculate 
both the intrinsic and extrinsic parameters of the system and retrieve undistorted and rectified images (Fig. 3b).  
On each ball hit a number of blobs are detected from both cameras and their characteristics (pixel coordinates and 
timestamps) are stored. With this information we are able to calculate the distance Δs traveled by the ball inside the 
measuring area and the time Δt in the specific hit. We need at least two sets of synchronized (same timestamp) blobs 
from the two cameras in order to calculate two different positions in the real space and then estimate Δs. The stored 
coordinate values xM, yM and xS, yS are corrected for distortion by the procedure described above. From a set of such 
coordinates we retrieve the 3D coordinates (in cm) of the ball in real space. After calculating the two positions in 
space (Χ1, Υ1, Ζ1) and (Χ2, Υ2, Ζ2)  the Δs is given by:  
 
                                    (3) 
 
and the speed of the ball by: 
 
                    (4) 
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The speed can be calculated in any units (km/h, m/s, mph) based on (4) after having calculated Δs and Δt and of 
course making any appropriate adjustments to measurement units. 
3.3. Validation of accuracy 
To evaluate the accuracy of the system various tests were performed with high frame rate videos and marked 
distances. In addition, tests were performed to estimate the distance between two points within the space. Since time 
Δt which is extracted from the cameras at every frame is sufficiently accurate in nanosecond scale (test 
measurements were made with an oscilloscope in the clock signal of the two cameras) the accuracy of the system 
depends only on the correct estimation of distance Δs. The procedure followed includes the measurement of a known 
length stick with two tennis balls attached to its edges, thus simulating a potential path of a ball hit in the measuring 
area (Fig. 4a).  
(a)                                                                                         (b) 
Fig. 4. (a) validation technique; (b) public display of the statistics on an ongoing match. 
 
The tests have been performed by Mobics S.A. together with University of Athens researchers at various 
distances from the system with different angles and with different lighting conditions in order to properly evaluate 
the accuracy of measurements. The test results showed that the average error in distance estimation (and 
subsequently in speed) is less than 3%.  
4. Conclusions 
The developed system has been used in four Beach–Racket tournaments since 2011. In 2014 it was accepted by 
Hellenic Tennis Federation as an emerging “sport”. The real time statistics of a match are displayed in the form of 
Fig. 4b. The system features also a novel text-to-speech (TTS) capability for automatic score announcements. 
Currently, certification of the system accuracy by a specialized organization (Hellenic Institute of Metrology) is 
pursued. Since it is based on computer vision, it fulfills all the requirements for the sport of Beach-Racket. The high 
frame rate cameras and the large baseline render mobiXeyes [7] suitable for tracking and calculating the 3D position 
and speed of a fast moving object with high accuracy. The system could be also used in a wide range of relevant 
sports for training or simulation reasons (shot put, golf, etc.) with minor modifications. 
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